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Description

[0001] An optical wireless power transfer system per-
forming wireless bidirectional communication using light
is disclosed herein.

[0002] Recently, in a home appliance market, a main
body that performs a main function and a wireless termi-
nal capable of performing an additional function in con-
junction with the main body may be provided together.
[0003] Forexample, in the cooktop market, which has
recently greatly increased in size, the cooktop may in-
clude a main body that performs a function for heating
food, and a detachable knob switch that may be remov-
ably attached to the main body and may perform addi-
tional functions for adjusting intensity of heating.

[0004] However, the wireless terminal provided as de-
scribed above may require an additional battery to per-
form wireless communication with the main body, and a
volume and a weight of the wireless terminal may be
increased because the battery is mounted on the wireless
terminal.

[0005] Further, as the battery is discharged over time,
users may not only periodically replace the battery of the
wireless terminal, but also a required function may not
be performed through the wireless terminal when the bat-
tery is discharged in unexpected situations.

[0006] The presentdisclosure provides an optical wire-
less power transfer system that performs wireless bidi-
rectional communication using light.

[0007] The present disclosure further provides an op-
tical wireless power transfer system using light as a pow-
er source.

[0008] The presentdisclosure also provides an optical
wireless power transfer system that transmits and re-
ceives a modulated signal through light.

[0009] The objects of the present disclosure are not
limited to the above-mentioned objects, and other objects
and advantages of the present disclosure which are not
mentioned may be understood by the following descrip-
tion and more clearly understood by the embodiments of
the present disclosure. It will also be readily apparent
that the objects and the advantages of the present dis-
closure may be implemented by features defined in
claims and a combination thereof.

[0010] According to the present disclosure, the optical
wireless power transfer system may include a transmis-
sion module that outputs communication light or main
light and receives a reflected light and processes a mod-
ulated signal included in the reflected light, and the re-
ception module that processes the modulated signal in-
cluded in the communication light or the main light and
reflects the communication light or the main light and
outputs the reflected light, to perform the wireless bidi-
rectional communication using the light.

[0011] Further,accordingtothe presentdisclosure, the
optical wireless power transfer system may include the
transmission module that outputs the power light or the
main light and the reception module that receives the
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power light or the main light to generate the power and
enables the modulated signal to be included in the re-
flected light based on the generated power, to use the
light as the power source.

[0012] Further, accordingto the presentdisclosure, the
optical wireless power transfer system may include the
transmission module that adjusts the intensity of the com-
munication light or the main light and output the commu-
nication light or the main light and the reception module
thatidentifies the modulated signal based on the intensity
of the communication light or the main light, to transmit
and receive the modulated signal through the light.
[0013] According to the present disclosure, the wire-
less bidirectional communication is performed using the
light, thereby increasing a possible distance to perform
communication between terminals.

[0014] Further, according to the present disclosure,
additional battery may not be mounted on the wireless
terminal using the light as the power source, thereby re-
ducing the volume and the weight of the terminal.
[0015] Further, accordingto the presentdisclosure, the
modulated signal may be transmitted and received
through the light, thereby preventing electro magnetic
interference (EMI) that occurs based on periphery elec-
tronic devices.

FIG. 1 shows an optical wireless power transfer sys-
tem of the present disclosure.

FIG. 2 shows each component of an optical wireless
power transfer system according to an embodiment
of the present disclosure.

FIG. 3 shows a process of operating an optical wire-
less power transfer system of the present disclosure.
FIG. 4 shows a modulated signal transmitted and
received between a transmission module and a re-
ception module.

FIG. 5 shows each component of an optical wireless
power transfer system according to another embod-
iment of the present disclosure.

FIG. 6 shows another example of a reception module
shown in FIG. 5.

[0016] The above-mentioned objects, features, and
advantages of the present disclosure will be described
in detail with reference to the accompanying drawings.
Accordingly, the skilled person in the art to which the
present disclosure pertains may easily implement the
technicalidea ofthe presentdisclosure. In the description
of the present disclosure, if it is determined that the de-
tailed description of a well-known technology related to
the present disclosure may unnecessarily obscure the
gist of the present disclosure, the detailed description
thereof is omitted. Preferred embodiments of the present
disclosure are described in detail with reference to the
accompanying drawings. In the drawings, same refer-
ence numerals are used to refer to same or similar com-
ponents.

[0017] The present disclosure relates to an optical
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wireless power transfer system capable of performing
bidirectional communication wirelessly using light.
[0018] Hereinafter, the optical wireless power transfer
system of the present disclosure will be described in de-
tail with reference to FIGS. 1 to 6.

[0019] FIG. 1 shows an optical wireless power transfer
system of the present disclosure.

[0020] FIG. 2 shows each component of an optical
wireless power transfer system according to an embod-
iment of the present disclosure, and FIG. 3 shows a proc-
ess of operating an optical wireless power transfer sys-
tem of the present disclosure.

[0021] FIG. 4 shows a modulated signal transmitted
and received between a transmission module and a re-
ception module.

[0022] FIG. 5 shows each component of an optical
wireless power transfer system according to another em-
bodimentofthe presentdisclosure. FIG. 6 shows another
example of a reception module shown in FIG. 5.

[0023] Referring to FIG. 1, according to the present
disclosure, an optical wireless power transfer system 1
may include a transmission module 10 and a reception
module 20. The optical wireless power transfer system
1 shown in FIG. 1 is exemplary, and components of the
optical wireless power transfer system 1 are not limited
to the embodiment shown in FIG. 1, and some compo-
nents of the optical wireless power transfer system 1 may
be added, changed, or deleted as necessary.

[0024] As shown in FIG. 1, the transmission module
10 and the reception module 20 included in the optical
wireless power transfer system 1 may be arrayed. In oth-
er words, each module may be arrayed at a preset posi-
tion with respect to another module and may operate.
[0025] A method in which each module is arrayed and
a method of determining, by the transmission module 10,
a state in which modules are arrayed are described be-
low.

[0026] The transmission module 10 may output power
light and communication light including a first modulated
signal, and may receive reflected light which is generated
by reflecting the communication light, and may process
a second modulated signal included in the reflected light.
[0027] To this end, the transmission module 10 may
include a processor that processes a signal and two kinds
of light sources that the output power light and the com-
munication light, respectively.

[0028] Meanwhile, the reception module 20 may proc-
ess the first modulated signal included in the communi-
cation light output by the transmission module 10, and
may reflect the communication light, and may output the
reflected light. At this time, the reception module 20 may
enable the second modulated signal to be included in the
reflected light based on power generated by the power
light output by the transmission module 10.

[0029] To this end, the reception module 20 may in-
clude a processor that processes a signal, a reflector that
reflects communication light, and an optical generator
that generates power using the power light.
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[0030] The optical wireless power transfer system 1
according to an embodiment of the present disclosure is
described below in detail with reference to FIGS. 2 and 3.
[0031] Referring to FIG. 2, according to an embodi-
ment of the present disclosure, the transmission module
10 may include a power light source 11, acommunication
light source 12, a mirror 13, a beam splitter 14, and a first
light source, a transmitting processor 16, an optical ab-
sorber 17, and first magnetic bodies 18a and 18b.
[0032] Meanwhile, according to an embodiment of the
present disclosure, the reception module 20 may include
aphotoelectric cell 21, aretro-reflector 22, a second pho-
todiode 23, a receiving processor 24, and second mag-
netic bodies 25a, 25b, a regulator 26, and a decoder 27.
[0033] The transmission module 10 and the reception
module 20 shown in FIG. 2 are exemplary, and compo-
nents of the transmission module 10 and the reception
module 20 are not limited to the embodiment shown in
FIG. 2, and some components may be added, changed
or deleted as necessary.

[0034] Hereinafter, a path of light output by the optical
wireless power transfer system 1 according to an em-
bodiment of the present disclosure is described below in
detail with reference to FIG. 2.

[0035] A power light source 11 and a communication
light source 12 of the transmission module 10 may output
power light and communication light, respectively.
[0036] In the present disclosure, the power light and
the communication light may perform functions, respec-
tively. More specifically, the power light may be output
by the transmission module 10 to provide the reception
module 20 with the power, and communication light may
be output by the transmission module 10 to provide the
reception module 20 with a specific signal.

[0037] At least one of lens 11a, 12a may be further
provided at an output end of the power light source 11
and an output end of the communication light source 12
to increase a light-transmission efficiency of each of the
power light and the communication light, and the lenses
11a and 12a may be operated as a beam expander, a
collimator, and the like.

[0038] The mirror 13 of the transmission module 10
may pass the power light and may reflect the communi-
cation light.

[0039] More specifically, the mirror 13 may pass the
power light output by the power light source 11 without
change. Further, the mirror 13 may reflect the communi-
cation light output by the communication light source 12
toward the reception module 20.

[0040] To this end, as shown in FIG. 2, the mirror 13
is areflectorin which a hole is provided to pass the power
light, and may have a predetermined angle between the
communication light 12 and the reception module 20.
[0041] Meanwhile, a portion of the communication light
output by the communication light source 12 may pass
through the hole provided in the mirror 13. The optical
absorber 17 of the transmission module 10 may be
placed on an extension line connecting the communica-
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tion light source 12 and the hole to absorb the commu-
nication light that has passed through the hole provided
in the mirror 13.

[0042] The transmitting processor Tx 16 of the trans-
mission module 10 may control the communication light
source 12 to enable the first modulated signal to be in-
cluded in the communication light.

[0043] In the present disclosure, the modulated signal
(the first modulated signal and the second modulated
signal) may refer to all kinds of signals transmitted and
received between the transmission module 10 and the
reception module 20.

[0044] The transmitting processor 16 may control the
first modulated signal to be included in the communica-
tion light through an on-off keying method, an intensity
modulation (IM) method, and the like, and the method of
generating the modulated signal is described below.
[0045] The photoelectric cell 21 of the reception mod-
ule 20 may receive the power light to generate the power.
The photoelectric cell 21 may be any element through
which a current flows when light is received and may
include a solar cell.

[0046] The photoelectric cell21 may receive the power
light output by the power light source 11 to generate the
power based on the intensity of the light. As the power
light output by the power light source 11 goes straight
through the hole of the mirror 13 described above, the
power light source 11 and the photoelectric cell 21 may
be placed in the straight line.

[0047] As shown in FIG. 2, the photoelectric cell 21
may be connected to the regulator 26, and the regulator
26 may convert the power generated by the photoelectric
cell 21 into a predetermined voltage and provides the
receiving processor Rx Processor 24 with the predeter-
mined voltage. Accordingly, the receiving processor 24
may be powered by the power generated by the photo-
electric cell 21.

[0048] Meanwhile, the second photodiode 23 of the
reception module 20 may convert the communication
light into an electric signal. Further, the receiving proc-
essor 24 may identify the first modulated signal based
on the electrical signal converted by the second photo-
diode 23 and may process the identified first modulated
signal.

[0049] In the present disclosure, the photodiodes (a
first photodiode 15 and a second photodiode 23) may be
any semiconductor diodes that convert light energy into
electrical signals. Such a photodiode may be a single
element, or may have an array form in which a plurality
of elements are regularly arranged.

[0050] The second photodiode 23 may convert the
communication light output by the communication light
source 12 into the electric signal based on the intensity
of the light. The decoder 27 connected to the second
photodiode 23 may convert the electrical signal output
by the photodiode into a digital signal and may provide
the receiving processor 24 with the converted digital sig-
nal.
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[0051] The receiving processor 24 may identify the
transmitted first modulated signal included in the com-
munication light based on the digital signal provided by
the second photodiode 23 and the decoder 27.

[0052] The receiving processor 24 may process the
identified first modulated signal. More specifically, the
receiving processor 24 may generate a control signal
based on the first modulated signal or generate a re-
sponse signal corresponding to the first modulated sig-
nal. Further, the receiving processor 24 may perform var-
ious kinds of operations to process a signal.

[0053] Meanwhile, the retro-reflector 22 of the recep-
tion module 20 may retro-reflect the communication light
to output the reflected light.

[0054] More specifically, the retro-reflector 22 may out-
put the reflected light by reflecting the incident commu-
nication light in a direction opposite to an incident direc-
tion. To this end, as shown in FIG. 2, the retro-reflector
22 may be placed in the straight line with respect to the
incidence direction of the communication light.

[0055] At this time, the receiving processor 24 may
control the retro-reflector 22 to enable the second mod-
ulated signal to be included in the reflected light based
on the power generated by the photoelectric cell 21.
[0056] The receiving processor 24 may control the sec-
ond modulated signal to be reflected on the reflected light
through the on-off keying method and the method of gen-
erating the modulated signal is described below.

[0057] The mirror 13 of the above-described transmis-
sion module 10 may reflect the reflected light. More spe-
cifically, as shown in FIG. 2, the mirror 13 may reflect the
reflected light output by the retro-reflector 22 toward the
communication light source 12.

[0058] The beam splitter 14 of the transmission module
10 may reflect back the reflected light, which has been
reflected by the mirror 13.

[0059] The beam splitter 14 may be provided between
the mirror 13 and the communication light source 12 to
pass a portion of the incident light and reflect other por-
tions ofthe incident light. Accordingly, the communication
light incident on the mirror 13 may be output by the com-
munication light source 12 and passes through the beam
splitter 14.

[0060] As shown in FIG. 2, the light is reflected by the
mirror 13 and is incident toward the communication light
source 12 and the beam splitter 14 may reflect again the
above-mentioned light toward the first light diode 15.
[0061] The first photodiode 15 may convert the reflect-
ed light, which has been reflected back by the beam split-
ter 14 into an electrical signal based on the intensity of
the light. The electrical signal converted as described
above may be provided to the transmitting processor 16.
Meanwhile, as described above, a decoder may be used
to convert the electrical signal converted by the first pho-
todiode 15 into the digital signal.

[0062] The transmitting processor 16 may identify the
second modulated signal included in the reflected light
based on the electrical signal provided through the first
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photodiode 15, and may perform various kinds of oper-
ations to process the signal based on the identified sec-
ond modulated signal.

[0063] Hereinafter, amethod of communicating, by the
transmission module and the reception module 20 and
a method of transmitting the power are described below
in detail with reference to FIGS. 2 and 3.

[0064] As described above, the transmission module
10 and the reception module 20 may perform the com-
munication and the power transmission using the light
that goes straight. Accordingly, each module may be re-
quired to be arrayed at a preset position with respect to
another module to be operated.

[0065] Referring to FIG. 3, in order to determine the
above-described array state of modules, the transmis-
sion module 10 may determine whether the reception
module 20 is arrayed at a preset position in a ping mode
(S10).

[0066] More specifically, the transmission module 10
may output the communication light having a reference
intensity and may determine whether the intensity of the
received reflected light is greater than or equal to the
reference intensity.

[0067] The transmission module 10 may output com-
munication light having the reference intensity, in a form
of a continuous wave in the ping mode (S10).

[0068] In this case, when the transmission module 10
and the reception module 20 are not arrayed, the com-
munication light may not be reflected by the reception
module 20 and thus the reflected light may not be re-
ceived at the transmission module 10. To the contrary,
when the transmission module 10 and the reception mod-
ule 20 are arrayed, the communication light may be re-
flected by the reception module 20 and thus the reflected
light may be received at the transmission module 10.
[0069] The transmission module 10 may determine
that, when the intensity of the received reflected light is
equal to or greater than a reference intensity, the recep-
tion module 20 is arrayed at the preset position, and may
determine that, when the intensity of the received reflect-
ed light is less than the reference intensity, the reception
module 20 is not arrayed at the preset position.

[0070] For example, the transmission module 10 may
determine whether the reception module 20 is arrayed
based on comparison of the magnitude of voltage gen-
erated based on the reflected light with the reference
voltage (S11).

[0071] More specifically, when the optical wireless
power transfer system 1 is provided as shown in FIG. 2,
the reflected light output by a retro-reflector 22 may be
received at the first photodiode 15. The reflected light
received at the first photodiode 15 may be converted into
a voltage Vi having a predetermined magnitude based
on the intensity thereof, and the transmitting processor
16 may compare a total of voltages XVi converted by the
first photodiode 15 with a reference voltage V.

[0072] The transmitting processor 16 may determine
that, when the total of the voltages XVi converted by the
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first diode 15 is equal to or greater than the reference
voltage V4, the reception module 20 is arrayed at the
preset position. To the contrary, the transmitting proces-
sor 16 may determine that, when the total of voltages ZV;
converted by the first light diode 15 is less than the ref-
erence voltage V4, the reception module 20 is not ar-
rayed at the preset position.

[0073] Whenitis determined that the reception module
20 is arrayed at the preset position, the transmission
module 10 may output the above-mentioned power light
and may enable the first modulated signal to be included
in the communication light.

[0074] Inotherwords, in the ping mode S10, the trans-
mission module 10 outputs only communication light hav-
ing a reference intensity in a form of continuous wave
without outputting the power light, and may output the
power light and may output the communication light in-
cluding the first modulated signal, when it is determined
that the reception module 20 is arrayed at the preset po-
sition.

[0075] Meanwhile, the transmission module 10 and the
reception module 20 may include first and second mag-
netic bodies 18a, 18b, 25a, and 25b, respectively, to
maintain the above-mentioned array state. A plurality of
first magnetic bodies 18a and 18b and a plurality of sec-
ond magnetic bodies 25a and 25b may be provided, re-
spectively, and an attraction may be generated between
the first magnetic bodies 18a and 18b and the second
magnetic bodies 25a and 25b.

[0076] For example, as shown in FIG. 2, the transmis-
sion module 10 may include a plurality of first magnetic
bodies 18a and 18b, and the reception module 20 may
also include a plurality of second magnetic bodies 25a
and 25b. In this case, surfaces facing each other, of the
first magnetic bodies 18a and 18b and the second mag-
netic bodies 25a and 25b, may have different polarities,
and accordingly, the attraction may occur between the
first magnetic bodies 18a and 18b and the second mag-
netic bodies 25a.

[0077] The attraction may enable the transmission
module 10 and the reception module 20 to be fixed within
a predetermined distance. For example, when a light
transmitting material such as plastic or glass are provided
between the transmission module 10 and the reception
module 20, positions of the transmission module 10 and
the reception module 20 may be fixed at both ends of the
light transmitting material, respectively, based on the at-
traction generated between the first magnetic bodies 18
and 18b and the second magnetic bodies 25a and 25b.
[0078] Accordingly, after the transmission module 10
and the reception module 20 are arrayed once, the array
state may be maintained by the above-described mag-
netic bodies 18a, 18b, 25a, and 25b unless an external
force having a predetermined magnitude or more is ap-
plied.

[0079] Referring back to FIG. 3, when each module is
arrayed, the optical wireless power transfer system 1 may
operate in a negotiation mode (S20).
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[0080] In the negotiation mode S20, the transmission
module 10 may gradually increase, until when a comple-
tion message is received from the reception module 20,
the magnitude of the power light and may output the pow-
er light.

[0081] Meanwhile, in the negotiation mode S20, the
reception module 20 may generate a second modulated
signalincluding the completion message when the power
generated by the power light is greater than or equal to
the required power Peq.

[0082] ReferringtoFIG.2,the photoelectriccell21 may
receive the power light a magnitude of which is gradually
increased and output and may generate the power P ;.
The receiving processor 24 may compare the magnitude
of the generated power P, with the magnitude of the
required power Pgq (S21).

[0083] As aresult of comparison, when the magnitude
of the generated power P, is equal to or greater than
the magnitude of the required power P, the receiving
processor 24 may generate the second modulated signal
including the completion message. Subsequently, the re-
ceiving processor 24 may control the retro-reflector 22
to enable the second modulated signal including the com-
pletion message, to be included in the reflected light.
[0084] The transmitting processor 16 may process the
second modulated signal included in the reflected light
to identify the completion message, and when the com-
pletion message is identified, the transmitting processor
16 may maintain a predetermined magnitude of the pow-
er light.

[0085] To the contrary, when the magnitude of the gen-
erated power P is less than the magnitude of the re-
quired power P, the receiving processor 24 may gen-
erate the second modulated signal including the request
message. Subsequently, the receiving processor 24 may
control the retro-reflector 22 to enable the second mod-
ulated signal to be included in the reflected light, and the
second modulated signal includes the request message.
The output operation of the request message may be
performed during a preset period of time.

[0086] The transmitting processor 16 may gradually in-
crease the magnitude of the power light every time the
request message is received.

[0087] More specifically, the transmitting processor 16
may process the second modulated signal included in
the reflected light to identify the request message and
gradually increase the magnitude of the power light every
time the request message is identified.

[0088] Referring back to FIG. 3, when the power gen-
erated by the reception module 20 is greater than or equal
to the required power and the negotiation mode S20 is
completed, the optical wireless power transfer system 1
may perform in a power transfer mode (S30).

[0089] In the power transfer mode (S30), operation of
transferring power may be performed through the power
light output by the transmission module 10 and operation
of transmitting and receiving a signal may be performed
through the communication light and the reflected light
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output by the transmission module 10 and the reception
module 20.

[0090] As the operation of transmitting the power and
the operation of transmitting and receiving the signal
have been described with reference to FIG. 2, a detailed
description thereof is omitted.

[0091] Meanwhile, in the power transmission mode
S30, when the power is generated based on the power
light, the reception module 20 may generate a second
modulated signal including a message of the received
power Mr during a reference period of time.

[0092] Further, when the message of the received
power Mr is not received for a preset period of time, the
transmission module 10 may block the output of power
light (Laser Off) (S40).

[0093] Referring to FIG. 2, when the power is gener-
ated by the power light received at the photoelectric cell
21 in the power transfer mode S30, the receiving proc-
essor 24 may generate the second modulated signal in-
cluding the message of the receive power Mr during the
reference period of time Tm.

[0094] Subsequently, the receiving processor 24 may
control the retro-reflector 22 to enable the second mod-
ulated signal to be included in the reflected light and the
second modulated signal includes the message of the
receiver power Mr. As the message of the received power
Mr is generated during the reference period of time Tm,
the second modulated signal including the message of
the received power Mr may also be output through the
reflected light during the reference period of time Tm
(S31).

[0095] The transmitting processor 16 may identify the
message of the received power Mr by processing the
second modulated signal included in the reflected light,
and may continuously output the power light and the com-
munication light when the message of the received power
Mr is identified.

[0096] When the transmission module 10 and the re-
ception module 20 are arrayed, the transmission module
10 may receive the message of the received power Mr
during a predetermined period of time Tr for which the
message of the received power is received. As the sec-
ond modulated signal including the message of the re-
ceived power Mr is output during the reference period of
time Tm, the message of the received power Mr may be
received at the transmitting module 10 during the same
period of time Tr for which the message of the received
power is received.

[0097] At this time, when a change occurs in the posi-
tion of the transmission module 10 or the reception mod-
ule 20 and the above-described array state may not be
maintained, the power light may not be received at the
photoelectric cell 21 of the reception module 20, and ac-
cordingly, the receiving processor 24 may not generate
the second modulated signal including the message of
the received power Mr. Further, when the array state is
not maintained, even if the second modulated signal is
generated, the reflected light including the second mod-
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ulated signal may not be received at the transmission
module 10.

[0098] The transmission module 10 may compare the
period of time Tr for which the message of the received
power Mr is received with a preset time T, (§32), and
as a result of comparison, the transmission module 10
may block, when the period of time Tr for which the mes-
sage of the received power Mr is received exceeds a
preset time T, the output of the power light.

[0099] The presettime T, may be set longer than the
aforementioned reference period of time Tm.

[0100] Further, when the message of the received
power Mr is not received within a preset period of time,
the transmission module 10 may operate in the ping
mode S10 described above to output communication
light having the reference intensity. As the operation
process after the ping mode S10 has been described
above, a detailed description thereof is omitted.

[0101] As described above, when the transmission
module 10 and the reception module 20 do not maintain
the array state, operation of determining the array state
thereof is automatically performed through operation of
blocking the output (S40) and in the ping mode (S10),
thereby saving the energy and improving reliability in
communication.

[0102] The modulated signals output by the transmis-
sion module 10 and the reception module 20 are de-
scribed below with reference to FIG. 4.

[0103] The transmission module 10 may adjust the in-
tensity of the communication light and output the com-
munication light, and the reception module 20 may iden-
tify the first modulated signal based on the intensity of
the communication light.

[0104] More specifically, the transmitting processor 16
may control the first modulated signal to be included in
the communication light through the on-off keying meth-
od, the intensity modulation (IM) method, and the like.
[0105] However, as described above, the reception
module 20 outputs the reflected lightincluding the second
modulated signal by reflecting the communication light.
To this end, the communication light may have a contin-
uous output. Accordingly, the first modulated signal is
preferably included in the communication light through
the IM method.

[0106] Referring to FIG. 4, the transmitting processor
16 may adjust the intensity of communication light
through the IM method to transmit a first modulated signal
including bits of “101001°. More specifically, the commu-
nication light may have different intensities correspond-
ing to bits 1 and 0, respectively, and the transmitting proc-
essor 16 adjusts the intensity of the communication light
to include the first modulated signal, which is a combi-
nation of bits 1 and 0, in the communication light.
[0107] Asdescribed above, the second photodiode 23
of the reception module 20 may generate an electrical
signal based on the intensity of the communication light,
and the receiving processor 24 may identify the first mod-
ulated signal included in the communication light as
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101001’ based on the magnitude of the electrical signal.
[0108] Meanwhile, the reception module 20 may reflect
the communication light through the on-off keying meth-
od and may output the reflected lightincluding the second
modulated signal.

[0109] Referring back to FIG. 4, the receiving proces-
sor 24 may control a reflection operation of the retro-
reflector 22 through the on-off keying method to transmit
a second modulated signal including bits of "101011°.
[0110] More specifically, the receiving processor 24
may control the retro-reflector 22 to perform the reflection
operation during the period of time corresponding to bit
1, and may control the retro-reflector 22 not to perform
the reflection operation during the period of time corre-
sponding to bit 0.

[0111] Accordingly, as shown in FIG. 4, the reflected
light may be output only during the period of time corre-
sponding to bit 1. As the reflected light is output by re-
flecting the communication light, the intensity of the re-
flected light output may be proportional to the intensity
of the communication light.

[0112] As described above, the first photodiode 15 of
the transmission module 10 may generate the electrical
signal based on the intensity of the reflected light, and
the transmitting processor 16 may identify a second mod-
ulation included in the reflected light, as '101011’, based
on the magnitude of the electrical signal.

[0113] An optical wireless power transfer system 1’ ac-
cording to another embodiment of the present disclosure
is described below in detail with reference to FIGS. 5 and
6.

[0114] According to another embodiment of the
present disclosure, as shown in FIG. 1, the optical wire-
less power transfer system 1’ may include a transmission
module 10’ and a reception module 20’ arrayed with re-
spect to the transmission module 10’

[0115] The transmission module 10’ may output the
main light including the first modulated signal and may
receive the reflected light generated by reflecting a por-
tion of the main light, and process the second modulated
signal included in the reflected light.

[0116] To this end, the transmission module 10’ may
include a processor that processes a signal and a single
light source that outputs the main light.

[0117] Meanwhile, the reception module 20’ may proc-
ess the first modulated signal included in the main light
and may reflect a portion of the main light to output the
reflected light, and may enable the second modulated
signal to be included in the reflected light based on the
power generated due to the main light.

[0118] To this end, the reception module 20’ may in-
clude a processor that processes a signal, a reflector that
reflects a portion of the main light, and an optical gener-
ator that generates power using the main light.

[0119] ReferringtoFIGS.5and 6, according to another
embodiment of the present disclosure, a transmission
module 10’ may include a main light source 11’, a beam
splitter 12’, afirst photodiode 13’, and a transmitting proc-
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essor 14’, an optical absorber 16’, and first magnetic bod-
ies 15a’ and 15b’.

[0120] Meanwhile, according to another embodiment
of the present disclosure, the reception module 20’ may
include a photoelectric cell 21°, a retro-reflector 22’, a
second photodiode 23’, a receiving processor 24’, and
the second magnetic bodies 25a’ and 25b’, a regulator
26’, and a decoder 27'.

[0121] The transmission module 10’ and the reception
module 20’ shown in FIGS. 5 and 6 are exemplary, and
components of the transmission module 10’ and the re-
ception module 20’ are not limited to the embodiment
shown in FIG. 2, and some components of the transmis-
sion module 10’ and the reception module 20’ may be
added, changed or deleted as necessary.

[0122] Basically, each component shown in FIGS. 5
and 6 may be the same as described with reference to
FIG. 2.

[0123] More specifically, the beam splitter 12’, the first
photodiode 13’, the transmitting processor 14’, and the
first magnetic bodies 15a’ and 15b’ and the optical ab-
sorber 16’ includedin the transmission module 10’ shown
in FIGS. 5 and 6 may have the same functions as the
beam splitter 14, the first photodiode 15, the transmitting
processor 16, the first magnetic bodies 18a and 18b, and
the optical absorber shown in FIG. 2, respectively.
[0124] That is, as shown in FIGS. 5 and 6, the trans-
mission module 10’ has a less number of light sources
than the transmission module 10 shown in FIG. 2. All
other configurations, except for the omitted configura-
tions, may be the same as configurations as shown in
FIG. 2 due to the reduced number of light sources.
[0125] Meanwhile, each componentincluded in the re-
ception module 20 shown in FIGS. 5 and 6 may be the
same as described with reference to FIG. 2. In other
words, the photoelectric cell 21°, the retro-reflector 22,
the second photodiode 23’, the receiving processor 24’,
and the second magnetic bodies 25a’ and 25b’, the reg-
ulartor 26’ and the decoder 27’ included in the reception
module 20’ shown in FIGS. 5 and 6 may have the same
functions as the photoelectric cell 21, the retro-reflector
22, the second photodiode 23 and the receiving proces-
sor 24, the second magnetic bodies 25a and 25b, the
regulator 26 and the decoder 27 shown in FIG. 2, respec-
tively.

[0126] Accordingly, light and paths of light different
from those described in FIG. 2 are described below with
reference to FIGS. 5 and 6.

[0127] Amainlightsource 11’ ofthe transmission mod-
ule 10’ may output the main light.

[0128] In the present disclosure, the main light may
include both the power light and the communication light
described with reference to FIG. 2 with respect to the
function thereof. More specifically, the main light may
enable the power to be provided to the reception module
20’ and may be output to provide the reception module
20’ with a specific signal.

[0129] For example, as shown in FIG. 5, the main light
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may include the power light output from a center portion
thereof and communication light output from a peripheral
portion thereof.

[0130] The beam splitter 12°of the transmission mod-
ule 10’ may pass the main light.

[0131] More specifically, the beam splitter 12° may be
provided between the main light source 11’ and the re-
ception module 20’ to pass a portion of incident light and
reflect other portions of the incident light. Accordingly,
the main light incident on the reception module 20’ may
be output by the main light source 11’ and may pass
through the beam splitter 12.

[0132] The transmitting processor 14’ of the transmis-
sion module 10’ may control the main light source 11’ to
enable the first modulated signal to be included in the
main light. More specifically, the transmitting processor
14’ may adjust the intensity of the main light and may
output the main light having the adjusted intensity to con-
trol the first modulated signal to be included in the main
light.

[0133] Asamethod of including the first modulated sig-
nal in the main light by adjusting the intensity of the light
is the same as the method of including the first modulated
signal in the communication light described with refer-
ence to FIG. 4, a detailed description thereof is omitted.
[0134] The photoelectric cell 21’of the reception mod-
ule 20’ may receive the main light to generate the power.
To this end, the main light source 11’ of the transmission
module 10’ and the photoelectric cell 21’of the reception
module 20’ may be placed in a straight line.

[0135] The regulator 26’ may convert the power gen-
erated by the photoelectric cell 21’ into a predetermined
voltage and may provide the receiving processor 24’ with
the predetermined voltage, and accordingly, the receiv-
ing processor 24’ may receive the power based on the
power generated by the photoelectric cell 21°.

[0136] Meanwhile, the second photodiode 23’ of the
reception module 20’ may convert a portion of the main
light into an electrical signal. More specifically, the sec-
ond photodiode 23’ may receive a portion of the main
light according to position thereof and may convert the
portion of the main light into the electrical signal. The
decoder 27’ may convert the converted electrical signal
into a digital signal and provide the receiving processor
24’ with the converted digital signal.

[0137] The receiving processor 24’ may identify the
first modulated signal based on the electrical signal con-
verted by the second photodiode 23’ and may process
the identified first modulated signal. More specifically,
the receiving processor 24’ may identify the first modu-
lated signal based on the intensity of the main light.
[0138] As the method of identifying the first modulated
signal based on intensity of the light has been described
with reference to FIG. 4, a detailed description thereof is
omitted.

[0139] Meanwhile, the retro-reflector 22’ of the recep-
tion module 20'may retro-reflect a portion of the main
light to output the reflected light. More specifically, the



15 EP 3 618 309 A1 16

retro-reflector 22’ may retro-reflect a portion of the main
light according to the position thereof, and to this end,
the retro-reflector 22’ may be placed in the straight line
with respect to the incident direction of the main light.
[0140] At this time, the receiving processor 24’ may
control the retro-reflector 22’ to enable the second mod-
ulated signal to be included in the reflected light based
onthe power generated by the photocell 21°. As the meth-
od of including the second modulated signal in the re-
flected light is the same as the method described with
reference to FIG. 4, a detailed description thereof is omit-
ted.

[0141] The beam splitter 12’ of the above-described
transmission module 10’ may reflect the reflected light.
More specifically, as shown in FIGS. 5 and 6, the beam
splitter 12’ may reflect a portion of the reflected light out-
put by the retro-reflector 22’ toward the first photodiode
13.

[0142] Thefirst photodiode 13’ may convertthe reflect-
edlightreflected by the beam splitter 12’ into the electrical
signal based on the intensity of the light, and the con-
verted electrical signal may be provided to the transmit-
ting processor 14’

[0143] The transmitting processor 14’ may identify the
second modulated signal included in the reflected light
based on the electrical signal provided through the first
photodiode 13’ and may perform operation of processing
various kinds of signals based on the identified second
modulated signal.

[0144] Meanwhile, as shown in FIG. 5, the photoelec-
tric cell 21°, the retro-reflector 22’, and the second pho-
todiode 23’ may be provided at any position such that
the photoelectric cell 21’, the retro-reflector 22’, and the
second photodiode 23’ may receive the main light. More
specifically, the retro-reflector 22’and the second photo-
diode 23’ may be arbitrarily arranged in the region where
the main light is received.

[0145] For example, referring to FIG. 6, the retro-re-
flector 22’ may be provided at a center of the region where
the main light is received, and a plurality of cells included
in the photoelectric cell 21’ and the second photodiode
23’ may have a circular shape or rectangular matrix
shape with respect to the retro-reflector 22’.

[0146] Further, the retro-reflector 22’, the second pho-
todiode 23', the plurality of cells included in the photoe-
lectric cell 21’ may have any arrangement within the cir-
cular shape or the rectangular matrix shape.

[0147] As described above, according to the present
disclosure, wireless bidirectional communication is per-
formed using the light, thereby increasing the possible
distance to perform the communication between termi-
nals. Further, according to the present disclosure, addi-
tional battery may not be mounted on the wireless termi-
nal using the light as the power source, thereby reducing
the volume and the weight of the terminal.

[0148] Further,accordingtothe presentdisclosure, the
modulated signal may be transmitted and received
through the light, thereby preventing the electro magnetic
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interference (EMI) generated by peripheral electronic de-
vices.

Claims

1. An optical wireless power transfer system, compris-
ing:

a transmission module (10) configured to output
power light and communication light comprising
a first modulated signal, and receive reflected
light, the reflected light generated by reflecting
the communication light, and process a second
modulated signal comprised in the reflected
light; and

a reception module (20) configured to process
the first modulated signal comprised in the com-
munication light, and reflect the communication
light to output the reflected light, and enable the
second modulated signal to be comprised in the
reflected light based on power generated by the
power light.

2. The optical wireless power transfer system of claim
1, wherein the transmission module (10) comprises:

a power light source (11) configured to output
the power light;

a communication light source (12) configured to
output the communication light;

a mirror (13) configured to pass the power light
and reflect the communication light and the re-
flected light,

a beam splitter (14) configured to reflect the re-
flected light again, which was reflected by the
mirror (13),

a first photodiode (15) configured to convert the
reflected light, which was reflected again, into
an electrical signal;

a transmitting processor (16) configured to con-
trol the communication light source (12) to ena-
ble the first modulated signal to be comprised in
the communication light, identify the second
modulated signal based on the converted elec-
trical signal, and process the identified second
modulated signal.

3. The optical wireless power transfer system of claim
1 or 2, wherein the reception module (20) comprises:

a photoelectric cell (21) configured to receive
the power light and generate the power;

a retro-reflector (22) configured to retro-reflect
the communication light and output the reflected
light;

a second photodiode (23) configured to convert
the communication lightinto an electrical signal;
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a receiving processor (24) configured to control
the retro-reflector (22) to enable the second
modulated signal to be comprised in the reflect-
ed light based on the power generated by the
photoelectric cell (21) and identify the first mod-
ulated signal based on the converted electrical
signal, and process the identified first modulated
signal.

The optical wireless power transfer system of claim
1, 2 or 3, wherein the transmission module (10) is
configured to output the communication light having
a reference intensity, and output, when an intensity
of the received reflected light is greater than or equal
to a reference intensity, the power light and enable
the first modulated signal to be comprised in the com-
munication light.

The optical wireless power transfer system of any
one of claims 1 to 4,

wherein the transmission module (10) is configured
to gradually increase and outputs, until a completion
message is received from the reception module (20),
a magnitude of the power light, and

wherein the reception module (20) generates, when
the power generated by the power light is greater
than or equal to a required power, the second mod-
ulated signal comprising the completion message.

The optical wireless power transfer system of claim
5,

wherein the reception module (20) generates, when
the power generated by the power light is less than
the required power, the second modulated signal
comprising a request message, and

wherein the transmission module (10) is configured
to gradually increase, when the request message is
received, the magnitude of the power light and output
the power light.

The optical wireless power transfer system of any
one of claims 1 to 6,

wherein the reception module (20) is configured to
generate, when the power is generated based on
the power light, the second modulated signal com-
prising a message of the received power during a
reference period of time, and

wherein the transmission module (10) is configured
to prevent, when the message of the received power
is not received during a preset period of time, the
power light from being output.

The optical wireless power transfer system of claim
7, wherein the transmission module (10) is config-
ured to output, when the message of the received
power is not received during a preset period of time,
the communication light having a reference intensity.
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10

9.

10.

1.

12.

13.

The optical wireless power transfer system of any
one of claims 1 to 8,

wherein the transmission module (10) is configured
to adjust an intensity of the communication light and
output the communication light, and

wherein the reception module (20) is configured to
identify the first modulated signal based on the in-
tensity of the communication light.

The optical wireless power transfer system of any
one of claims 1 to 9, wherein the reception module
(20) is configured to reflect the communication light
through an on-off keying method and output the re-
flected light comprised in the second modulated sig-
nal.

An optical wireless power transfer system, compris-
ing:

atransmission module (10’) configured to output
a main light comprising a first modulated signal
and receive a reflected light generated by re-
flecting a portion of the main light, and process
a second modulated signal comprised in the re-
flected light; and

a reception module (20’) configured to process
the first modulated signal comprised in the main
light and reflect a portion of the main light and
output the reflected light, and enable the second
modulated signal to be comprised in the reflect-
ed light based on a power generated based on
the main light.

The optical wireless power transfer system of claim
11,
wherein the transmission module (10’) comprises:

a main light source (11°) configured to output the
main light;

a beam splitter (12’) configured to pass the main
light and reflects the reflected light;

afirst photodiode (13’) configured to convert the
reflected light into an electrical signal;

a transmitting processor (14’) configured to con-
trol the main light source (11’) to enable the first
modulated signal to be comprised in the main
light, identify the second modulated signal
based on the converted electrical signal, and
process the identified second modulated signal.

The optical wireless power transfer system of claim
11 0or 12,
wherein the reception module (20’) comprises:

a photoelectric cell (21’) configured to receive
the main light to generate the electric power;
a retro-reflector (22’) that retro-reflects a portion
of the main light to output the reflected light;
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a second photodiode (23’) configured to convert
aportion of the main lightinto an electrical signal;
areceiving processor (24’) configured to control
the retro-reflector (22’) to enable the second
modulated signal to be comprised in the reflect-
ed light based on the power generated by the
photoelectric cell (21°) and identify the first mod-
ulated signal based on the converted electrical
signal, and process the identified first modulated
signal.

The optical wireless power transfer system of claim
11,12 or 13,

wherein the transmission module (10’) is configured
to adjust an intensity of the main light and output the
main light, and

wherein the reception module (20’) is configured to
identify the first modulated signal based on the in-
tensity of the main light.

The optical wireless power transfer system of claim
13, wherein the retro-reflector (22’), the photoelectric
cell (217), and the second photodiode (23’) have a
matrix form in a region in which the main light is re-
ceived.
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